We thank van Leeuwen et al. [1] for their response to our fi nding that matrilineal relationships strongly infl uence the style of high-arm grooming in wild chimpanzees of the Kanyawara community. We agree with them that grooming styles could be transmitted by different mechanisms in different contexts, and we appreciate their effort to assess whether the transmission of grooming styles within two captive groups in Chimfunshi accords with our result.
The style in question is palm-topalm clasping (also known as mutual palm-clasping, and sometimes as handclasp grooming). Palm-to-palm clasping occurs during high-arm grooming. Confusingly, high-arm grooming has traditionally been called 'handclasp grooming' even though it includes a variety of styles (such as wrist-to-wrist grooming) in addition to palm-to-palm clasping. van Leeuwen et al. [1] attributed to us the idea that we "questioned the validity of the grooming handclasp as cultural tradition". In fact, however, we follow previous researchers in concluding that these behaviors are culturally transmitted. As we argued previously, the grooming style appears to be infl uenced by social learning at two levels. First, populations of chimpanzees vary in whether they practice high-arm grooming at all. Second, within social communities, individuals vary in how frequently their high-arm grooming involves palmto-palm clasping and we found that individuals within the same matriline tended to show similar proportions of palm-to-palm clasping. The two levels raise complementary problems. The fi rst concerns the question of why high-arm grooming is found in some populations Correspondence and not others. The second concerns the question of why the proportion of palm-to-palm clasping varies among high-arm groomers. Given the reported evidence for social learning, we regard both kinds of variation as cultural [2] .
As we noted previously [2] , in the Chimfunshi sanctuary, mechanisms other than matrilineal inheritance might be found to explain the distribution of palm-to-palm clasping frequencies. Van Leeuwen et al. [1] now suggest that this is the case. Unfortunately, they did not examine whether conformity occurred, for example, by assessing whether there was an average rate of palm-to-palm clasping within matrilines on which individuals tended to converge. Instead they claim that the distribution of palmto-palm clasping frequency was not explained by matrilineal relationship. We are puzzled by their conclusion because their Figure 1 seems to show that at least in Group 1, individual values of palm-to-palm clasping frequency were clustered by matriline.
Van Leeuwen et al. [1] tested the null hypothesis that, on average, the probability of engaging in palm-topalm clasping will not differ between grooming dyads consisting of individuals from the same matriline and dyads comprised of individuals from separate matrilines. They use generalized linear mixed models and likelihood ratio tests to determine the statistical signifi cance of the matrilineal effect within and among two groups of chimpanzees, but do not report effect sizes. The likelihood ratio tests failed to reject the null hypothesis of no matrilineal effect, with p values of p = 0.28 for Group 1, p = 0.99 for Group 2, and p = 1 for the combined groups. We urge caution, however, in the interpretation of these results. Failure to reject a null hypothesis in no way demonstrates support for that null hypothesis. A p value greater than 0.05 indicates that the 95% confi dence interval for the matriline effect encompasses zero (that is, no effect), but this does not preclude the confi dence interval from encompassing many other, potentially large effect sizes. This is because the confi dence interval consists of a range of plausible effect sizes that cannot be rejected. It is possible, therefore, that the Chimfunshi chimpanzees' frequency of palm-topalm-clasping behavior is explained by matrilineal relationship, but the model used by Van Leeuwen et al. [1] lacked statistical power to detect this effect. Therefore, the results by van Leeuwen et al. [1] constitute an absence of evidence, rather than evidence of absence, for a matrilineal effect on the frequency of palm-to-palm clasping.
The generalized linear mixed models fi t by van Leeuwen et al. [1] use such complex random-effects structures that we question whether the large number of parameters estimated can be supported by the relatively small amount of data. In total, six random intercepts and seven random slopes were estimated (multiple additional random correlations between these intercepts and slopes may also have been estimated, as is done by default in the software used [3] ). This kind of maximal structure for the variance components of mixed models was advocated recently [4] , but has also been criticized for producing fi xed-effects estimates that are uninterpretable when the data cannot support such a complex structure [5, 6] , even if the model converges to stable parameter estimates. Diagnostic tools [7] are available to assess the dimensionality of the random-effects distribution and determine whether a maximal model is degenerate, but van Leeuwen and colleagues report no such check. The matrilineal fi xed effect of primary interest in the authors' model is conditional on estimates of the variance components. Therefore, if the model's random-effects structure is overparameterized, this could cause the matrilineal effect on the frequency of palm-to-palm clasping to be either biased or uninterpretable. A more parsimoniously parameterized version of the model used by van Leeuwen et al. [1] may in fact yield evidence of a matrilineal effect on palmto-palm clasping frequency. By contrast, our more parsimonious generalized linear mixed model [2] estimates only three random intercepts grouped by matriline, dyad, and individual, and is thus much less likely to suffer from overparameterization.
We investigated whether our more parsimonious modeling strategy of estimating the intraclass correlation would detect a matrilineal effect for palm-to-palm clasping frequency when using the data analyzed by van Leeuwen et al. [1] . The intraclass correlation varies on the interval [0, 1]; a value of 1 indicates that palm-topalm clasping prevalence within each matriline is constant (that is, all variance in palm-to-palm clasping prevalence is between matrilines) and a value of 0 indicates that dyads within a matriline are not more similar in palm-to-palm clasping prevalence than dyads from different matrilines. The intraclass correlation magnitude therefore provides an estimate of the strength of maternal infl uences by indicating how similar palm-to-palm clasping prevalences are within matrilines relative to between matrilines. We digitized [8] the proportion of palmto-palm clasping and matriline group data (Table S1 ) from Figure 1 of van Leeuwen et al. [1] and used a simplifi ed version of our published model [2] to estimate the intraclass correlation for Chimfunshi chimpanzee matrilines. We fi tted a linear mixed model in the lme4 R package [3] , estimating profi le-likelihood-based confi dence intervals, using the proportion of palm-to-palm clasping as the response variable, a fi xed-effects intercept term and random intercepts grouped by matriline (dyadic and individual-level random intercepts were not included as this grouping information is not reported [1] ). Applying this linear mixed model to our own data [2] yielded an intraclass correlation for matrilines of 0.9 (95% confi dence interval: 0.81, 0.94), indicating that not accounting for individual and dyad-level variance infl ates the intraclass correlation estimate beyond our previously published estimate of 0.47 (95% confi dence interval: 0.17, 0.84 [2] ). For chimpanzee Group 1 in the van Leeuwen et al. [1] study, the intraclass correlation for matrilines was 0.95 (95% confi dence interval: 0.91, 0.96), an even higher estimate than for our own data, indicating a large matrilineal effect. This demonstrates that in Group 1, percent palm-to-palm clasping values for grooming dyads with individuals from the same matriline are much more similar to one another than are those for dyads with individuals from different matrilines. The intraclass correlation estimates for Groups 1 and 2 combined (intraclass correlation = 0.58; 95% confi dence interval: 0.43, 0.65), and for Group 2 (intraclass correlation = 0.13; 95% confi dence interval: 0, 0.34) were lower, though the 95% confi dence intervals still encompassed a range of values consistent with a moderate matrilineal effect for the percent palmto-palm clasping.
This discussion suggests that methods need to be standardized in order to ensure robust comparisons. For the moment, we conclude that matrilineal inheritance remains a viable mechanism for the social transmission of Chimfunshi palm-to-palm clasping. We look forward to further tests showing whether matrilineal transmission can be ruled out, and whether other mechanisms can be elucidated.
